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Purpose: Since few reports had been published on the prevalence of toxocariasis in ankylosing spondylitis (AS) 
patients with acute non-granulomatous anterior uveitis (ANGAU), the aim of this work was to determine the 
presence of antibodies against Toxocara canis in AS patients with ANGAU. 

Methods: Thirty-six patients (14 female and 22 male) with AS were enrolled in the study. The history of ANGAU 
was accepted only if diagnosed by an ophthalmologist. The detection of IgG antibodies to T. canis was de- 
termined by enzyme-linked immunosorbent assay. In addition, antibodies to Ascaris lumbhcoides were also 
tested to verify non-specific reactions. 

Results: The prevalence of ANGAU in the AS patients was 58% (21 / 36), and 38% (8 / 21) of the patients with 
ANGAU were positive for antibodies to Toxocara, while 7% (1 / 15) of AS patients without ANGAU were posi- 
tive for T. canis (p = 0.038, two tails; mid-p exact). No antibodies were detected to A. lumbhcoides antigens in 
the serum samples of patients with AS. 

Conclusions: These data suggest that the seroprevalence of antibodies to T. canis is high in Mexican patients 
with AS-associated uveitis, suggesting a chronic asymptomatic toxocariosis, which could be associated with 
the pathogenesis of ANGAU; however, further larger-scale studies are needed to confirm this observation. 
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Acute anterior uveitis is the most common form of uveitis 
and is also a common cause of vision loss in most regions of 
the world, but the exact etiology cannot be elucidated in 
some cases. Uveitis is a sight-threatening inflammation in- 
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side the eye that affects both the uveal tract and adjacent 
structures and is the most frequent extra-articular manifes- 
tation of ankylosing spondylitis (AS). The prevalence of 
acute non-granulomatous anterior uveitis (ANGAU) in AS 
patients has been reported to be as high as 25% to 40% 
during the course of the rheumatic disease [1-3]. In our ex- 
perience, only 2% of patients are accurately diagnosed by 
an ophthalmologist at the onset of AS, although 22% of 
chronic AS patients develop uveitis, thus the availability of 
correctly characterized biological samples for further analy- 
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sis is limited. The pathogenesis of AS with ANGAU usually 
has a strong genetic linkage with human leukocyte antigen 
(HLA)-B27 [4]. In addition, a genetic association of HLA 
with human infection by helminthes has been reported [5]. 

Infection with Toxocara canis is among the most com- 
mon zoonotic infections worldwide and is a well-recognized 
cause of uveitis worldwide [6,7]. Humans can be infected 
with these parasites by ingestion of soil or contaminated 
meat containing Toxocara eggs. Ocular toxocariasis causes 
permanent vision loss in many patients and Toxocara is an 
important causative agent of posterior and diffuse uveitis 
[7]. However, Toxocara should be considered as a possible 
causative agent of ANGAU. There is some evidence that the 
occurrence of helminthes and the prognosis of rheumatic 
disease are linked [8,9]. In this context, Peng [10] has report- 
ed that potential parasitosis must be considered in patients 
with rheumatic diseases. Williams and Roy [11] have report- 
ed a case of arthritis associated with toxocaral infestation. 
Furthermore, an association of arthritis with infection due 
to helminthes, such as Strongyloides stercoralis, has been 
reported [12,13]. A study conducted by Kuk et al. [14] re- 
ported Toxocara seropositivity in AS patients. 

Reports regarding the influence of toxocariasis in pa- 
tients with AS-associated uveitis are limited and the rela- 
tionship between toxocariasis and AS-associated uveitis is 
unclear. Thus, the aim of this work was to determine the 
presence of antibodies against T. canis in AS patients with 
ANGAU. To our knowledge, this is the first report showing 
the relationship between Toxocara and Mexican AS pa- 
tients with uveitis. 



Materials and Methods 

Patients 

Thirty-six AS patients (14 female and 22 male; mean ± 
standard deviation [SD] age, 39.7 ± 15.1 years) participated 
during the study period. We only included patients resid- 
ing in Mexico City. Twenty-one of the 36 patients showed 
acute anterior uveitis, so they were first diagnosed by an 
ophthalmologist and then submitted to rheumatology to 
complete their diagnosis and treatment. No symptoms or 
signs of Toxocara infection were identified at this point. 
Initial assessment included collection of demographic in- 
formation by questionnaire. During the appointment, each 
patient was invited to participate in this study. The mean ± 
SD age at onset of AS was 24.6 ± 11.6 years and disease 
duration was 14.6 ± 13.6 years. HLA-B27 was positive in 
62.5% (20 / 32) of AS patients (Table 1), but no data were 
available in four patients without uveitis. All AS patients 
fulfilled the 1984 modified New York criteria for diagnosis 
of AS [15] and completed questionnaires assessing func- 
tional ability (BASFI [Bath Ankylosing Spondylitis Func- 
tional Index]). This questionnaire includes 10 questions; 
eight evaluate activities related to the condition of the 
spine and two questions evaluate the patient's ability to 
cope with daily life. Those patients with other spondyloar- 
thropathies or hepatitis B or C were excluded. The control 
group was formed from 10 samples from healthy individu- 
als as well as 10 samples from patients with toxocariosis 
and 10 with ascariasis. 



Table 1. Demographic characteristics and the detection of antibodies against Toxocara canis and Ascaris lumbricoides in ankylos- 
ing spondylitis patients with and without a history of acute non-granulomatosus anterior uveitis 

Data AS with ANGAU (n = 21) AS without ANGAU (n =15) p-value 

Male / female 13/8 9/6 NS 

HLA-B27 + / - (%) 12/6 (63.2) 8/6 (57.1) 0.431 

Age(yr) 37.9± 14.5 (16-65) 44.2± 16.8 (18-66) NS 

Age at AS onset (yr) 23.5 ± 10.8 (8-41) 25.7 ± 13.1 (5-46) NS 

Disease duration of AS (yr) 13.4 ± 1 1.8 (2-34) 18.5 ± 14.0 (1-53) NS 
No. of uveitis episode/patient 2.89±2.31 (1-8) 

Ab vs. A. suum (<0.38*) 0.079±0.109 0.112±0.089 0.428 

Ab vs. T. canis (<0.34*) 0.228±0.191 0.111 ±0.107 0.026 
Values are shown as number, mean ± SD (range), or mean ± SD. 

AS = ankylosing spondylitis; ANGAU = acute non-granulomatous anterior uveitis; NS = not significant; HLA = human leukocyte 
antigen. 

'Absorbency cut-off values. 
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Methodology 

The presence of IgG antibodies directed to T. canis or As- 
caris lumbricoides was determined by enzyme-linked im- 
munosorbent assay (ELISA) as previously reported [16]. To 
this end, blood samples (10 to 15 mL) were collected and 
separated serum samples were stored at -20°C until used. 
Excretory and secretory antigens of T. canis adult worms as 
well as a crude extract of A. lumbricoides adult worms were 
prepared. Worms were obtained from natural infections. 
The T. canis or the A. lumbricoides antigen was diluted in 
100 mM carbonate -bicarbonate buffer, pH 9.6. Flat-bottom 
polystyrene plates (Corning-Costar, Tewksbury, MA, USA) 
were coated at 100 ^iL/well with the antigen solution, incu- 
bated overnight at 4°C, and then washed three times with 
0.01 M phosphate-buffered 0.15-M saline (PBS) pH 7.2 con- 
taining 0.05% Tween 20 (PBS-T). Wells were blocked with 
1% nonfat milk for 2 hours at 37°C, and were washed with 
PBS-T. Individual serum samples of 100 \xL were added to 
the wells in triplicate, incubated for 2 hours at 37°C, and 
washed again. Anti-human IgG-horseradish peroxidase 
conjugate (Zymed-Invitrogen, Camarillo, CA, USA) diluted 
1 : 4,000 in PBS-T was added, and incubated for 2 hours at 
37°C. After washing, a substrate reaction mixture solution 
prepared with o-phenylenediamine (Sigma-Aldrich, St. 
Louis, MO, USA) and H 2 0 2 (Merck KGaA, Darmstadt, 
Germany) dissolved in 75 mM phosphate-citrate buffer, pH 
5, was added to the wells. The enzyme reaction was termi- 
nated with 2 M H,S0 4 , and absorbency values were deter- 
mined with an ELISA reader at 490 nm. The cutoff value 
was previously calculated [16,17] as the mean ± 3 times the 
SD of 77 serum samples obtained from healthy people (31 
male and 46 female; age mean ± SD, 30 ± 15 years) and was 
used routinely to perform the diagnosis in clinical cases. In 
this study, to validate the results of the ELISA, 10 samples 
from healthy individuals were used as the negative control, 
and 10 samples of patients with ascariasis and 10 with toxo- 
cariasis were used as positive controls. 

Statistics 

Chi-square and the mid-p exact tests as well as the odds ratio 
(OR) and their 95% confidence intervals (CI) between patients 
with and without ANGAU were used to analyze group differ- 
ences. Otherwise, statistical analysis was performed using the 
statistical package Epi-Epidemiology ver. 2 (http://www.opene- 
pi.com). A p-value <0.05 was considered significant. 



Results 

Table 1 shows the demographics and clinical characteris- 
tics of the 36 AS patients. The ages of the patients ranged 
from 16 to 66 years (mean ± SD, 39.7 ± 15.1 years). The 
prevalence of ANGAU in the AS patients was 58% (21 / 
36); eight (38%) of the AS patients with ANGAU were fe- 
male and 13 (62%) were male and the ages of these patients 
ranged from 16 to 65 years (age mean ± SD, 37.9 ± 14.5 
years). Regarding the HLA-B27 test, 63.2% (12 / 19, no 
data were available in three cases) of AS patients with AN- 
GAU were positive, while 57.1% (8 / 14, no data was avail- 
able in one case) of AS patients without ANGAU had posi- 
tive HLA-B27 (p = 0.4311, chi-square test, two tails; OR, 
1.103; 95% CI, 0.3117 to 4.024). According to the available 
data, a total of 26 episodes of ANGAU were recorded in 
the AS patients with a mean of 2.89 ± 2.31 (range, 1 to 8) 
episodes by patient (Table 1). The number of episodes of 
ANGAU and clinical features of the involved eyes are pre- 
sented in Table 2. 

AS patients with ANGAU had significantly higher ab- 
sorbance values of antibodies against T. canis (0.228 ± 
0.191) than those without ANGAU (0.111 ± 0.107; p = 0.026; 
Student's Mest, 2 tails) (Table 1). By contrast, there was not 
a statistically significant difference between AS patients 
with and without ANGAU in the absorbance values of an- 
tibodies against A. lumbricoides, being 0.079 ± 0.109 and 
0.112 ± 0.089 (p = 0.428) respectively. 

Individual results showed that 38% (8 / 21) of the patients 
with ANGAU were positive for antibodies to Toxocara, 
while 7% (1 / 14) of AS patients without ANGAU had posi- 
tive serum samples for antibodies to Toxocara. A chi-square 
test was performed between the condition of ANGAU and 
the presence of antibodies to T. canis (p = 0.032). However, 
since at least one expected value in the contingence table 
was <5, the mid-p exact test was considered rather than the 
chi-square test (p = 0.019; OR, 8.174; 95% CI, 1.095 to 205.3). 
In four patients with AS and positive serology against T. ca- 
nis, one had an ANGAU episode 13 years before our study, 
and in another patient the ANGAU episode occurred a year 
before our study, while yet a different patient had ANGAU 
at the time of the study and another one had a relapse of 
ANGAU which occurred three months later (Table 2). In ad- 
dition, the frequency of serum samples with antibodies 
against T. canis was significantly higher in AS patients with 
ANGAU than in the healthy control individuals (Fig. 1). 
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Table 2. Relationship between the episodes of acute non-granulomatosus anterior uveitis in patients with ankylosing spondylitis 
and antibodies to Toxocara canis 



Case no. 
(ID, sex, age) 


ELISA results 
A490 nm* 


Antibodies to 
Toxocara 


bpisodes ot 
ANGAU in the 
clinical record 


Diagnosis of ANGAU 


Sequel after the ANGAU 
episodes 


1 (22, F, 42) 


0.024 


Negative 


5 


1 yr before the study 


Pigment in the lens 


2 (47, M,49) 


0.040 


Negative 


1 


4 yr before the study 


None 


3 (42, M, 23) 


0.111 


Negative 


1 


2 yr before the study 


Pigment in the lens 


4 (44, F, 56) 


0.139 


Negative 


2 


6-7 yr before the study 


Lens opacity 


5 (15, M, 53) 


0.152 


Negative 


2 


1 6 yr before the study 


None 


6 (39, F, 35) 


0.371 


Positive 


1 


At time of study 


Undetermined 


7 (46, M, 45) 


0.469 


Positive 


3 


2 and 3 yr before and 


Undetermined 










3 mon after the study 




8 (43, F, 47) 


0.526 


Positive 


8 


2 yr before the study 


Lens opacity left eye 


9 (16, M, 41) 


0.533 


Positive 


3 


1 3 yr before the study 


Pigment in the lens 



ID = identification number for the clinical record; ELISA = enzyme-linked immunosorbent assay; ANGAU = acute non-granulomatosus 
anterior uveitis. 

Absorbacy values at 490 nm obtained in an ELISA reader. 







• 

• 

• 


• 


• • 

• * (38%) 


1 • 




• 

• 


: i <7%) 


t • 


• . • 






• • . 


uxuJ 


iiiii 



PC AU AS NC PC AU AS NC 

T. canis A. lumbricoides 



Fig. 1. Dispersion of optical densities (A490) obtained with se- 
rum samples from ankylosing spondylitis patients with (AU) 
and without (AS) a history of acute non-granulomatosus anterior 
uveitis. Detection of IgG serum antibodies against Toxocara ca- 
nis and Ascaris lumbricoides was performed by enzyme-linked 
immunosorbent assay. Reactivity of serum from patients with 
toxocariosis and ascariasis is shown, respectively, in the positive 
control (PC) group. The samples of healthy donors were used as 
the negative control (NC). The horizontal line indicates the cut- 
off value. 

Discussion 

The occurrence of ANGAU in our group of patients was 
as high as 58% during the course of the disease. This cor- 



relates with previous data that found that the prevalence of 
ANGAU in AS is common during the course of the dis- 
ease [2]. However, the association of toxocariasis in AS pa- 
tients with ANGAU is uncertain. This is the first report 
that specifically highlighted the prevalence of T. canis in- 
fection in AS patients with ANGAU. Our results indicate 
that AS patients with ANGAU had a significantly higher 
prevalence of T. canis than those without. On the contrary, 
there was no difference in seroprevalence against A. lum- 
bricoides between AS patients with and without ANGAU, 
suggesting specificity of the antibodies to T. canis and their 
possible involvement in the pathogenesis of ANGAU. Al- 
though the existence of cross-reactivity among antigens of 
T. canis and A. lumbricoides has been reported, there exist 
specific antigens of T. canis that enables its diagnosis. In 
fact, the detection of antibodies against T. canis has been 
used to confirm toxocariasis [18,19]. While a Western blot- 
ting procedure could be more suitable for the serologic di- 
agnosis of toxocariasis in Mexican patients, the sensitivity 
of the ELISA technique has been particularly recommend- 
ed in the diagnosis of toxocariasis in seroepidemiological 
studies [16,20,21]. 

It has been reported that human toxocariasis is found in 
many countries around the world and, prevalence rates can 
reach as high as 40%. In Mexico, data regarding preva- 
lence and distribution of toxocariasis are scarce. Some 
studies along the Mexico-United States border region re- 
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ported 10.6% of seroprevalence [22]; however, the potential 
of infection is very high in metropolitan areas in Central 
Mexico, since the soils in public parks are highly contami- 
nated (30.3%), as well as dog feces found in soil (28.1%) or 
samples from dogs with owners (39.8%) [23]. Geographic 
location plays a role in the epidemiology of Toxocara be- 
cause it is more prevalent in hot, humid regions where eggs 
are kept viable in the soil, as demonstrated by the follow- 
ing data, where the prevalence of toxocariosis has been re- 
corded by geographic location: Argentina (the prevalence 
of toxocariasis in rural locations was of 23% to 31.6%; 
whereas, the prevalence of toxocariasis in urban localities 
was of 37.9% to 46.9%), Bolivia (rural 27%), Brazil (rural 
13.7%, urban 21.5%), Peru (rural 44.9%, urban 7.3%), Co- 
lombia (urban 47.5%), Cuba (rural 57.5%, urban 5.2%), 
Trinidad y Tobago (62.3%), Mexico (urban 7.5%), USA 
(13.9%), Kenya (rural 7.5%), Nigeria (urban 30.4%), Indo- 
nesia (rural 84.6%, urban 12.2%), Iran (25.6%), Jordan 
(10.9%), Korea (rural 5%), Taiwan (rural 76.6%), Denmark 
(urban 2.4%), Ireland (rural 31%), Poland (urban 20.7%), 
and Spain (urban 28.6% to 65.7%) [24,25]. 

There are several factors that have been associated with 
higher rates of infection with Toxocara. People are more 
likely to be infected with Toxocara if they own a dog. A 
number of studies worldwide have estimated that there is 
one dog for every 10th person and, in many countries 
around 50% are stray dogs. In Mexico, the frequency of 
dogs is estimated to be 1 dog for every 3rd person. Recent- 
ly the prevalence of anti-7! canis antibodies in stray dogs 
in Mexico City was reported, and results showed that from 
141 sera, 94 (40 males and 54 females) proved to have a 
positive reaction with a global infection prevalence of 
66.7% [26]. Therefore, having a litter of puppies in the 
home has been identified as a significant risk factor [6]. 
Many of the AS patients studied here were pet owners at 
the time of the study. Our results found that 62% of the pa- 
tients with ANGAU were male, and 38% were female. 
This is in agreement with a previous study that showed 
that the demographic characteristics of patients with uve- 
itis due to Toxocara have been reported to be fewer in fe- 
male than in male patients [27]. However, we did not find 
an association of HLA-B27 positivity with patients with 
AS-associated uveitis. These results are in contrast with 
earlier findings indicating that HLA-B27-positive rates are 
significantly higher in AS patients with ANGAU that those 
without [28-31]. In addition, we did not a find correlation 



between the number of episodes of ANGAU, the clinical 
features of the involved eyes and the presence of antibod- 
ies to Toxocara (Table 2). 

Although our results need to be reconfirmed by a larg- 
er-scale study, this data indicated that AS patients with a 
history of ANGAU had higher prevalence of toxocariasis, 
suggesting that the involvement of T. canis infection in the 
disease processes of AS in Mexican patients can lead to 
the development of ANGAU. Our data may represent an 
important report, since a high incidence of toxocariasis is 
found in Mexico. In addition, the dog population in Mexi- 
co is large, and most of our patients with active AS are dog 
owners; therefore, the lifestyle of these patients may con- 
stitute a risk factor for toxocariasis since they could be res- 
identially exposed to pets. The information gained from 
this study may be of use for the implementation of an oph- 
thalmological examination of patients seropositive to T. 
canis in public hospitals in Mexico. 
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